Abstract-We present a polarization-reconfigurable multislot antenna with four switchable linear polarizations (as 0⁰, ± 45⁰ and 90⁰) for implant communications. The design is based on four bow-tie shaped slots acting as radiators etched on a circular metallization plane with 45⁰ rotated sequential arrangements. RF switches based on PIN diodes are connected across each slot in order to modify the radiators polarization. We apply a differential source to feed the slot antenna through a groundtapered Balun. In order to obtain a broadside radiation pattern, a reflector is placed at the quarter-wave distance below the radiator. Measured results are showing that the realized multislot antenna can generate four switchable linear polarization states with wide bandwidth and stable gain. This polarization diversity feature makes the proposed antenna highly attractive for implant and body-centric wireless communication systems for minimizing the multi-path distortion and polarization mismatching in the wireless channels.
INTRODUCTION
Reconfigurable antennas have become more and more popular with the rapid development of modern wireless communication systems. Antennas with circular or linear polarization reconfigurable features have many noticeable advantages such as enhancing the communication channel capacity, avoiding multipath interference, and being capable of polarization coding [1] [2] [3] . Many studies have been conducted in the domain of polarization reconfigurable antennas, as reviewed in [4] - [8] . As most of the designs are based on modifying microstrip patch radiators, the operating bandwidths are commonly narrow. In addition, none of these designs can realize four switchable linear polarizations. Antennas with polarization diversity are very promising to be used as receiving antenna in order to compensate for polarization mismatch due to improper orientations of transmitters.
In wireless communication channels, multi-path distortion and polarization mismatching are critical concerns which may deteriorate the quality of the signal transmission. In order to improve the quality of wireless links, antennas with polarization diversity are widely used in modern wireless systems [9] . One example of related potential applications is the body-centric wireless communication system (BWCS) as introduced in [10] . There are commonly two approaches in BWCS including inductive link (short range) and far-field radio-frequency link (long range) [11] . Compared with inductive link using coils, the far-field telemetry has the benefit of longer communication distances and higher data rate for information transmission. A lot of researches show that onbody, off-body and implanted wireless devices are usually operated in the linear-polarization mode which could be realized by PIFAs, meandered monopoles and short dipoles topologies. In practice, the orientation of these devices is arbitrary, due to freely movements of human body. In addition, signals send out by the on/off-body and implanted devices might create multiple-path fading as seen in Fig. 1 . In this scenario, the receiving external antenna is requiring the polarization diversity feature in order to overcome the multipath distortion and polarization mismatching.
In this paper, we proposed a reconfigurable multi-slot antenna which can switch between four linear polarizations such as 0⁰, ± 45⁰ and 90⁰ at frequencies between 2.2 GHz and 2.6 GHz. We adopted PIN diodes to switch the polarization mode of the four slot radiators. The design allows obtaining broadside radiations with wide bandwidth and stable gain for all modes. Our proposed antenna with the polarization diversity is capable of scanning different polarizations for minimizing the polarization mismatched and compensating the effect from multi-path distortion in wireless channels.
II. ANTENNA DESIGN AND PERFORMANCES

A. Antenna configuration
The proposed reconfigurable multi-slot antenna consists of three parts, as seen in Fig. 2 . The multi-slot radiator is etched on the top metallization layer of a ROGERS 5880 substrate with a permittivity of 2.2 and thickness of 0.79 mm. A reflector on the top metallization layer of a FR-4 substrate is placed below the radiator at a distance of a quarter wavelength at the center frequency. In order to provide the balanced differential feeding for the slots, a ground-tapered balun is clamped between the two substrates. In addition, DC lines with RF chokes are deployed for biasing the PIN diodes. Overall dimensions are 150 mm x 150 mm x 32 mm. 
B. Switching Scheme
We adopted PIN diodes as RF switches for adjusting the polarization states of the antenna. The implementation of the diodes connected across the slots is shown in Fig. 3 . All the diodes are facing the same direction in a loop-type arrangement. When the two diodes within one pair of opposite slots are turned OFF (while the others diodes are turned ON), this specific slot pair will be in operation as the currents will flow along its contour. To control the PIN diodes, we separate the multi-slot radiator into eight parts as DC#1 to DC#8 by introducing capacitors as DC blocks. By applying different combinations of DC biases on the switching elements, four operating polarizations can be choosen, as shown in Table I ,. For the proposed antenna, only one pair of DC sources will be needed for switching to a specific antenna polarization state.
C. Simulated results
The simulation results of the antenna operation were obtained by using Ansoft HFSS electromagnetic simulator. In this section we present an example of a configuration (0° polarization) and simulated main parameters of the antenna, i.e. the reflection coefficient parameters (Fig. 5 ) and the realized gains for each operating mode presented in Table I (Fig. 6) .
Due to the symmetrical structure, the results of polarizations of 0° and -45° are identical; similarly, the results for the of 45° and 90° polarizations are identical. The 0° polarization is obtained by switching six of the eight diodes in their ON states as presented in Fig. 4 . A 3V-DC bias voltage is needed on DC#1 and DC#5 as mentioned on the figure and in Table I . As expected, the Efield reveals that only the slot along the y-axis is radiating: other slots are short-circuited by PIN diodes (ON states). Fig. 5 shows that the antenna is well matched across the frequency band from 2.28 GHz to 2.64 GHz. The -10 dB impedance bandwidth is 14.6%. The realized gains presented in Fig. 6 show that they are stable across the operating bandwidth for all co-polarizations while having low cross polarizations. The maximum gain reaches 8 dBi.
Therefore the proposed antenna exhibits good polarization diversity with four switchable linear polarization states while having both wide bandwidths and high stable gains. The next section will present the measured results of the fabricated prototype. 
D. Measured results
The antenna has been fabricated and measured. The reflection coefficient was measured using an Agilent Vector Network Analyzer and the radiation patterns were acquired by a SATIMO near-field antenna measurement system. Fig. 7 shows the measured reflection coefficient and the gain from 2.1 to 2.7 GHz. The overlapped -10 dB impedance bandwidth for all radiation modes is ~16% from 2.25 to 2.65 GHz. The antenna gains are stable from 2.25 to 2.6 GHz with the maximum value of 6.7 dBi.
The radiation patterns at 2.45 GHz for all operating modes are shown in Fig. 8 . Good broadside radiation patterns are obtained with low cross polarization levels (at least less than 12 dB for the co-polarization). The measured results show that our proposed antenna has good radiation performance with polarization diversity and it can perform very well as a receiving antenna system for body-centric wireless applications. 
III. CONCLUSION
Body-centric wireless communication systems need to be designed for operating in a robust way in order to compensate the influence of the surrounding medium on the implantable sensor performances (arbitrary orientation of the implanted sensors, signal multi-path fading). We presented a multi-slot antenna operating on four different linear polarizations which allows improving the quality and the reliability of wireless links between the on-body sensor and the external antenna. The polarization reconfigurability is obtained using PIN diodes, which are switching the polarization mode of the four slot radiators. A ground-tapered balun was integrated to provide a balanced differential feeding for the slots allowing a wide bandwidth and a stable gain for all modes. The measured results exhibit good polarization diversity with a realized gain up to 6.7 dBi and low cross-polarization level.
